Objective: African American (AA) people with systemic lupus erythematosus (SLE) are at high morbidity and mortality risk, and they often require multiple medications. Low medication adherence is a highly prevalent, multidimensional problem associated with poor outcomes in people with SLE. Depression, a predictor of low adherence in people with chronic conditions, has been described in over 35% of AAs with SLE. We hypothesized that depressive symptoms would be increasingly associated with low adherence in this population.
A frican American (AA) individuals are affected by systemic lupus erythematosus (SLE) at a higher rate than other ethnic groups. [1] [2] [3] Among patients with SLE, AAs have been shown to have higher morbidity, mortality, and increased risk of complications such as end-stage renal disease, [4] [5] [6] [7] and will in many cases require the use of complex medication regimens.
As described by the World Health Organization (WHO), adherence to medications is a multidimensional problem that encompasses the health care system, the characteristics of the disease and its therapies, as well as patient-related and socioeconomic factors. 8 A growing body of evidence suggests racial disparities in adherence to medication regimens among individuals with chronic conditions, with higher prevalence of noncompliance in AAs compared with whites. [9] [10] [11] Medication adherence plays a critical role in determining clinical outcomes and health care utilization in SLE, [12] [13] [14] and can be increasingly challenging in AA populations as the disease manifestations become more protean and severe. 15 Prior studies suggest that 45% to 70% of SLE patients have poor treatment adherence, 12, 16, 17 with AA individuals demonstrating significantly lower adherence rates than white subjects in 1 study examining Medicaid beneficiaries. 18 Because cultural and socioeconomic factors can impact adherence, these rates may vary across ethnic and demographic subgroups. However, none of these prior studies has specifically focused on the burden of nonadherence and its correlates in AA individuals with SLE. A prior assessment of a small sample of white and AA individuals with SLE suggested that depression might be an important determinant of nonadherence in the AA population. 19 Depressive symptoms have been reported in up to 75% of patients with SLE, and approximately 50% will have a diagnosis of major depressive disorder in their lifetime. [20] [21] [22] [23] In addition, depression among AA individuals is often underdiagnosed and undertreated, leading to high burden of depression-related morbidity in this demographic group. [24] [25] [26] Although depression is a treatable condition that may represent an important barrier for treatment adherence in AA patients with SLE, its impact on medication adherence has not been quantified. We aimed to describe medication adherence in a large AA cohort of patients with SLE and further examine whether the severity of depressive symptoms is associated with the odds of low adherence in this high-risk population.
METHODS

Study Design, Subjects, and Data Collection
We used a cross-sectional design to examine the association of depression with low medication adherence. Research subjects belong to the Georgians Organized Against Lupus (GOAL) cohort, whose recruitment has been previously described. 27 The GOAL cohort is a population-based, longitudinal cohort of adult SLE patients in metropolitan Atlanta, Georgia. The GOAL study participants were recruited primarily from the Georgia Lupus Registry (GLR), a population-based registry funded by the Centers for Disease Control and Prevention with the primary aim of more accurately estimating the incidence and prevalence of SLE in metropolitan Atlanta. The population-based cohort was further enriched with additional patients receiving SLE treatment at Emory University, at Grady Memorial Hospital (the only safety net hospital in Atlanta), or from community rheumatologists in metropolitan Atlanta, who were recruited by mail, by telephone, and in person. Eligible participants were adult patients (aged ≥18 years) with a documented diagnosis of SLE [≥4 revised American College of Rheumatology (ACR) criteria, or 3 ACR criteria plus a diagnosis of SLE by the patient's treating board-certified rheumatologist]. Patientreported data are collected at least annually. Human subjects' approval has been granted by Emory Institutional Review Board. We examined cross-sectional data collected between December 2014 and March 2016.
Variables
We selected from the GOAL questionnaire measures of individual, socioeconomic, health care, and disease-related that based on prior studies are relevant to medication adherence.
Medication Adherence
Medication adherence was assessed using the 8-item Morisky Medication Adherence Scale (MMAS), a patientreported questionnaire that encompasses 7 medication-taking behaviors questions (yes/no answers), and one 5-point Likert scale question, which assesses how often the individual has difficulty remembering to take all his/her medication(s). The total scale ranges from 0 to 8, and has 3 levels of medication adherence: low (MMAS score <6), medium (MMAS score 6 to <8), and high (MMAS score = 8). The scale has been validated in a predominantly AA cohort of 1400 individuals and found to be reliable and highly predictive of poorer outcomes.
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Depression
Depressive symptoms were assessed with the Patient Health Questionnaire (PHQ-9), a validated self-administered instrument that has been used in epidemiological studies and multiple settings. [31] [32] [33] PHQ-9 measures the frequency of symptoms of a major depressive episode in the last 2 weeks through scores that range from 0 to 27. A score of 10 or higher has excellent sensitivity and specificity to classify a major depressive episode. In addition, 5 categories of severity of depressive symptoms have been suggested as follows: minimal (PHQ-9 score, 0-4), mild (PHQ-9 score, 5-9), moderate (PHQ-9 score, [10] [11] [12] [13] [14] , moderately severe (PHQ-9 score, [15] [16] [17] [18] [19] , and severe (PHQ-9 score, ≥20).
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Individual, Sociodemographic, and Health Care Factors
Age at survey completion, sex, education, marital status, and insurance were self-reported. Living below the poverty threshold was estimated according to the 2011 Census Bureau data using self-reported data on household income and people living in the house. 34 Patients' satisfaction with lupus treatment was measured using an ad hoc Likert scale questionnaire that was further dichotomized to assess poor satisfaction (yes = very dissatisfied/somewhat dissatisfied; no = neither satisfied nor dissatisfied/somewhat satisfied/ very satisfied). We used the Interpersonal Processes of Care survey (IPC-29), a validated 29-item tool that has been used to assess 3 major physician-patient interaction domains (communication, shared decision-making, and interpersonal style) in broadly diverse populations. 35 For each item, participants are asked how often that type of care had been provided using a 5-point Likert scale. Each subscale is scored separately. Higher scores indicate higher frequency of the construct (either positive or negative). Self-efficacy for managing chronic disease was measured with a validated 6-item scale with scores range from 1 to 10 per item, with higher scores indicating greater self-efficacy. 36 
Disease and Health-Related Measures
The SLAQ (Systemic Lupus Activity Questionnaire), a validated self-reported tool was used to assess disease severity. 37 24 SLAQ questions equate to scores that range from 0 to 47, with higher scores indicating greater SLE-related disease activity. The BILD (Brief Index of Lupus Damage), a validated survey of organ damage related to SLE, 38 was utilized in a self-administered format (SA-BILD), which has been validated in the context of the GOAL cohort. 39 The BILD scores range from 0 to 30, with higher scores indicating greater levels of damage.
Statistical Analysis
We performed descriptive analyses, univariate logistic regression, and multivariate logistic regressions. In descriptive analyses, patient characteristics were summarized using frequency and percentage for categorical variables, and mean and standard deviation (SD) for continuous variables. Because the distribution of PHQ-9 scores in our sample was skewed to the left, we merged the moderate-to-severe (PHQ-9 score, [15] [16] [17] [18] [19] with the severe (PHQ-9 score 20 or higher) categories, as suggested in prior epidemiologic studies. 40 Univariate logistic regression analyses were performed to examine depressive symptoms and other potential covariates associated with low medication adherence, using a dichotomous measure of adherence as the outcome: low (MMAS score <6) versus medium/high (MMAS score ≥6). Independent factors were grouped in 4 categories: (a) depressive symptoms; (b) individual factors (self-efficacy, poor satisfaction with care, sex, age); (c) socioeconomic and health care factors (education, insurance status, living below the poverty threshold, being single or living alone, quality of patient-physician communication, having visited a mental health provider within the last year); and (d) disease-related factors (self-reported health status; disease activity, organ damage, number of current SLE medications). Because prior data suggest an association between PHQ-9 and SLAQ, 41 we examined the potential correlation between PHQ-9 and SLAQ scores. We also explored whether PHQ-9 is correlated with selfefficacy or is associated with satisfaction with care. Multivariable regression analyses were then conducted with a full regression model, which included all the independent factors, and a reduced model with an entry criterion of p < 0.20 based on univariate analysis. Moreover, we used bootstrap bagging methods to create a parsimonious (final) model. 42 In brief, 1000 data sets were obtained by random sampling with replacement (bootstrap sampling). The bootstrap sample was analyzed using forward stepwise logistic regression with an entry criterion of p < 0.20 and a retention criterion of p < 0.05. Covariates were retained in the final model if they appeared in at least 50% of the models. The fit of the final multivariate model was examined with the Hosmer-Lemeshow-type goodness of fit test. Odds ratios (OR) with 95% confidence intervals (CIs) were reported as measures of association. All statistical analyses were performed with SAS Software, version 9.4 (SAS Institute, Cary, NC) with a significance level of 0.05.
RESULTS
Of 632 AA individuals with SLE who were enrolled in the GOAL cohort, 375 were originally ascertained from the GLR and 257 from other sources. The sample includes 588 women (93%) with a mean age of 48 years. The mean number of years of education among respondents was 14.1. Nearly half of respondents who reported income characteristics lived below the poverty threshold (n = 276, 47.4%). Two hundred seventeen respondents (34.6%) had scores on the PHQ-9 that correspond to "moderate-severe" or "severe" depressive symptoms. Three hundred thirty-six (54%) of the respondents reported low, 188 (30%) medium/moderate, and 96 (16%) high medication adherence (Table 1) . Means of age at diagnosis, educational attainment, number of medications and PHQ-9 score, as well as the proportion of females and participants who self-reported fair health and poor satisfaction with care were not significantly different between those enrolled from GLR and other sources (data not shown). The proportion of participants who were underinsured/uninsured was smaller among patients enrolled from the GLR, compared with those from other sources (37.0% and 52.9%, respectively, p < 0.0001). Similarly, the proportion of those living below the poverty line was smaller among patients enrolled from the GLR (39.0%), compared with other sources (59.7%), p < 0.0001.
In univariate regression analysis, having mild, moderate, and moderate-severe/severe depressive symptoms (versus minimal symptoms) was associated with increasingly greater ORs of having low medication adherence (ORs 2.59, 3.50, and 4.32, respectively). In addition, lower self-efficacy, poor satisfaction with care, female sex, younger age, hurried patient-physician communication, decreased shared decision-making, less compassionate physician communication style, poor/fair health, and higher disease activity score increased the odds of low medication adherence (Table 2) . Education, insurance status, living below the poverty threshold, severe organ damage, and number of medications did not have significant effect on the odds of low medication adherence. We found significant correlations between the PHQ-9 score and both SLAQ and self-efficacy scores (Pearson coefficient 0.65 and −0.52, respectively, p value for both correlations <0.0001). Severity of depressive symptoms was also significantly associated with satisfaction with lupus care (χ 2 p < 0.0001). In multivariable models (full, reduced, and final), the only significant risk factors for low medication adherence were severity of depressive symptoms, female sex, and younger age (Table 3) . Using minimal depressive symptoms as the reference group, all categories of depressive symptoms (mild, moderate, and moderately severe/severe) were significantly associated with low medication adherence. Moreover, when contrasting the risk across severity of depressive symptoms, the highest ORs for low medication adherence were conferred by moderate-severe/severe depressive symptoms, followed by moderate and mild depressive symptoms (ORs 4.22, 3.34, and 2.67, respectively) versus the baseline of minimal symptoms. The reliability of variables entered in the final model were 90.5% for age, 88.9% for depressive symptoms, and 64% for sex. Reliability was lower than 42% for all other covariates (data not shown). The final model provided a very good fit of the data (Hosmer-Lemeshow test, p = 0.94).
DISCUSSION
Our study underscores the substantial burden of medication nonadherence in a large AA population-based cohort with SLE. Only 96 (16%) of 632 participants reported themselves as highly adherent to their medication regimens, and over half (n = 336, 54%) self-reported to have low adherence. Our observed rate of low adherence is considerably higher than those reported among patients with other chronic conditions such as hypertension and type 2 diabetes mellitus, 29, 43 and is consistent with previous reports of medication nonadherence among patients with SLE. 44 Moreover, we were able to confirm the independent and negative impact of depressive symptom severity on medication adherence. Of note, we found an increasing risk of low medication adherence as we moved from mild to moderate to moderate-severe/severe depressive symptoms.
There were several significant factors associated with low medication adherence in the univariate analyses, such as high disease activity, poor self-efficacy, poor satisfaction with care, or poor patient-physician interactions. However, because some of the covariates correlated with depression, only a few factors independently increased the risk of low medication adherence in the multivariate models. Socioeconomic status, education, and insurance were not significant in either the univariate or multivariate models. Thus, severity of depressive symptoms, female sex, and younger age were the only significant independent risk factors of poor medication adherence in this population. Neither disease-related variables nor patient-physician communication were independently associated with low medication adherence.
To our knowledge, this is the first study that examined the independent impact of severity of depressive symptoms on medication adherence in a large and socioeconomically diverse sample of AA individuals with SLE. African Americans are disproportionately afflicted with SLE, and research examining their barriers to successful treatment is vitally important to better understanding how to effectively manage SLE and mitigate its complications. The GOAL cohort, as one of the largest AA-predominant SLE cohorts in the United States, fills a critical research gap in allowing us to address issues specific to this ethnic group.
Research on patient medication adherence across a variety of other chronic illnesses often shows depression to be a significant contributor to low medication adherence. 14, 45 Data from studies that have explored racial differences with regards to medication adherence have been inconsistent, with some findings suggesting that the independent effect of depression on adherence may be higher in whites than in other ethnic groups, 46 and other studies indicating no racial differences on the impact of depression on medication adherence after controlling for confounders. 47, 48 However, underdiagnosis and undertreatment of depression in members of the AA population with chronic illnesses may not only hinder adherence but also bias results.
The few studies that have examined depression as a possible predictor of low medication adherence in SLE have found it to be a significant factor. 12, 17, 49 However, because none of those studies have targeted large AAs populations of full socioeconomic and disease severity spectrum, their findings are difficult to extrapolate to this high-risk group.
Other significant risk factors for poor adherence in populations with SLE in the United States include longer disease duration, poverty, and lower performance on neurocognitive testing in the San Francisco cohort, 12 and number of pills per day in an Houston-based cohort. 49 Neither of these studies identified age or sex significantly associated with medication nonadherence, although women in the San Francisco cohort showed a nonsignificant trend toward lower rates of adherence. Education and socioeconomic status were significant factors in international studies but not in US studies. 16, 17 These contrasting findings highlight the potential for interaction among social and demographic determinants with regards to medication adherence in populations affected by SLE. Differences between cohorts in sociocultural characteristics, age profiles, educational attainment, community support, regional and state health policies, and regional provider tendencies are all likely to play a role.
Despite this complexity, however, the consistent finding of depressive symptoms as a correlate of low medication adherence is powerful. It is the only modifiable factor associated with low medication adherence that we identified in multivariate analysis, indicating a potential role for depression diagnosis and treatment as part of improved management of AA patients with SLE, and suggesting that a biopsychosocial model of illness may better fit patients' realities. That depression remained statistically significant while controlling for other potential factors speaks to the primacy of depression in shaping an individual's perceptions of his/her disease severity, interactions with health care providers, and patient health behaviors. Of note, we did not find a significant role for having visited a mental health provider within the last year; however, this is an imperfect measurement of mental health care receipt and may reflect access to care and other resource issues.
Important strengths of our study are the use of data from the GOAL cohort, a large, predominantly AA population-based cohort of patients with a validated diagnosis of SLE, who are representative of the full socioeconomic status and clinical SLE spectrum; the use of survey tools that have been previously validated, including the SLAQ, SA-BILD (externally validated in this population), PHQ-9, and MMAS; and measurement of "depressive symptoms" rather than a provider's diagnosis of major depression, which is dependent on access to mental health care. Because we measured severity of depressive symptoms in 3 categories, we were able to demonstrate increasing odds of low medication adherence with higher severity of symptoms.
Limitations of our study are its cross-sectional design, which precludes us from drawing definitive conclusions about causality, and its use of self-reported measures, which may be influenced by incomplete patient recall and by social desirability bias toward more "acceptable" answers. Among these self-reported measures is the MMAS, that we have used as our outcome measure, and which relies on patient report of their medication-taking behaviors. Other adherence measures, such as measurement of drug levels in biologic fluids, pill counts, direct monitoring of medication administration, The symbols ↑ and ↓ in parenthesis do not represent longitudinal change of scores; they denote the model's response to the indicated changes in covariates.
and analysis of pharmacy records, have the advantage of not relying on patient report. 14, 50 However, these methods are cost-and timeintensive and not feasible within our study design. In addition, the MMAS has been shown to correlate well with pharmacy prescription fill rates in a cross-sectional study of patients with hypertension 51 ; was designed to avoid phrasing that would lead to "yes-saying" bias 28 ; and has been repeatedly shown to have high predictive validity across illnesses. 28, 52, 53 Potential confounders that were not measured in our study are cognitive function, health literacy, and medication adverse effects, which may all have some bearing on adherence. Finally, because of factors mentioned above unique to the GOAL cohort, these findings should be generalized with care to other populations of SLE patients.
Our study found high rates of medication nonadherence among AA SLE patients. Factors found to be significantly associated in multivariate models were depression, lower age, and female sex. Interventions aiming to improve medication adherence may increase efficiency by targeting people with depressive symptoms, particularly women and younger patients. These findings can be used to guide thoughtful interventions at the level of the individual, at an institutional level, and at a community-based level, as the WHO suggests that all are critical when confronting the problem of medication inadherence. 8 At a patient level, clinicians may work toward understanding the motivation guiding medication-taking behaviors of patients within these demographic groups; and at a more structural level, programs may work toward enrolling members of these groups in programmatic activities.
Moreover, our work suggests that depression screening should be considered in all SLE patients, particularly those SLE patients who do not adhere to their medications. Furthermore, SLE treatment may benefit from innovative interventions that include some degree of collaboration between mental health providers and rheumatologists, such as integrated care delivery models. These strategies to facilitate high-quality mental health care may result in increased levels of adherence in AA SLE patients.
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